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Appendix A Conduct of the reference 

Introduction  

1. This is the first reference of a NATS licence modification decision under the 
Transport Act 2000 (TA 2000). 

2. We note that the Special Reference Group has discretion to determine the 
appropriate process for this reference.  

3. Throughout this investigation, we have had regard to the duties of the 
Secretary of State and the CAA in s.1 and s.2 of TA 2000. 

Submissions from the Parties  

 
4. The core submissions from the Parties were as follows: 

• CAA submitted the Reference to the CMA of the NERL RP3 price controls 
and Notice of Reference on 19 November 2019 (CAA Reference). 

• NERL submitted its Statement of Case and supporting documents on 28 
November 2019 (NERL Statement of Case). 

• CAA sent its response to NERL’s Statement of Case on 18 December 
2019 (CAA Response). 

• NERL submitted its Reply to the CAA Response, and supporting documents, 
on 30 December 2019 (NERL Reply). 

5. The Parties supplied additional information in the course of the investigation 
when requested by the CMA.  

Evidence from third parties 

 
6. We invited representations from third parties, following publication of the 

Statement of Case. We received representations and supporting documents 
from 19 third parties.  

7. Where we considered a hearing would be helpful in clarifying or 
understanding the representations, or where we had specific questions 
concerning elements of the price control or RP3 process, we invited third 
parties to a hearing (in person or via a call).  
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8. In addition, we had calls with the CCWG Co-chairs and with the authors of the 
UKRN report on cost of capital for regulated companies, to ensure full 
understanding of their reports.  

Site visit and hearings  

9. Before the reference was formally made, we held technical teach-ins with the 
Parties. We attended a site visit at NERL’s Swanwick air traffic control centre. 
We then held main hearings in London over two days in February with both 
Parties. 

Transparency  

10. We have published all the core documents from the Parties on the CMA case 
page. We also published all the main representations from third parties.  

11. We have published our provisional findings and invited comments from 
stakeholders, including CAA, NERL and third parties. 
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Appendix B: Regulated revenue and charges 

How allowances are set 

Spending allowances 

1. The CAA sets spending allowances for NERL during the price control period. 
These are: 

(a) The amount NERL can spend on en-route operational expenditure: ‘opex’. 
This includes all day-to day expenditure on running the en-route services, 
and payments into the pension funds. It is reduced or ‘offset’ by an 
amount set to reflect expected income from non-regulated activities. 

(b) The amount NERL can spend on capital investment: ‘capex’. This 
includes business-as-usual investments in buildings and equipment 
including IT, and the investment needed to deliver the airspace 
modernisation strategy. 

(c) The amount NERL can spend on opex to deliver the London Approach 
services. 

(d) The amount NERL can spend on capex to deliver the London Approach 
services. 

(e) The amount NERL can spend on opex to deliver the Oceanic services; 

(f) The amount NERL can spend on capex to deliver the Oceanic services. 

Revenue allowances 

2. These spending allowances feed into the decision on how much NERL can 
charge its customers: the revenue allowances. These, like the spending 
allowances, are calculated for each calendar year.  

3. To determine the revenue allowances, CAA has calculated NERL’s charges 
for RP3 on the basis of a ‘building block’ approach. This is the approach 
typically used in UK economic regulation. 

4. The building block approach for NERL is illustrated below. 
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Figure B-1: the building blocks of NERL’s revenue allowances 

 
Source: Adapted from the CAA’s Reference, page 25, Figure 4 
 

The capex element  

5. The first building block is the ‘Regulatory Asset Base’ at the start of the Price 
Control Period (PCP). This is the value of NERL’s capital assets.  

6. The capex allowance is not directly funded by revenues when it is incurred. 
Instead the expected increase in the asset base, resulting from the capex 
spend, is added to the starting RAB to give the RAB for each year in the PCP. 

7. The capex revenue allowance is made of two elements: 

(a) Revenue to cover the cost of financing investments. NERL is permitted to 
charge an amount to cover the ‘Weighted Average Cost of Capital’ or 
WACC, applied to existing and new assets in the RAB, each year, over 
the lifetime of each asset.  

(b) Revenue to cover depreciation costs associated with the assets in the 
RAB. 

The opex element 

8. The opex revenue allowance is determined directly by the CAA, based on its 
assessment of NERL’s efficient costs over the period (the opex element of the 
spending allowance).  
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Revenue requirement or ‘determined costs’ 

9. Adding the capex revenue allowance to the opex revenue allowance, net of 
the other revenues (such as forecast income from non-regulated services), 
produces the total revenue requirement or ‘determined costs’) for regulated 
services, for each year in the PCP.  

Charges 

10. Air traffic service users pay charges per ‘service unit’. This is a standard 
definition based on the weight of the aircraft and the distance it travels within 
the controlled airspace. 

11. To determine the charge per service unit, CAA estimates the total number of 
‘service units’ that will be used each year, using the traffic forecast to give 
‘total service units’ or TSUs.  

12. However, not all service units are liable to charges under the price control. 
NERL manages airspace use by military aircraft under a priced contract. 
Some airspace use is exempt from charges, and funding for managing this is 
provided by government. Using forecast estimates of these types of use, CAA 
arrives at an estimated forecast of ‘chargeable service units’ or CSUs. 

13. Dividing the total determined costs by the forecast CSUs gives a ‘determined 
unit cost’ or DUC. This is the basis of the charge per service unit that NERL 
charges in each year.   

14. Under the EC performance scheme, charges per service unit are compared 
across national ANSPs on the assumption that all TSUs are chargeable. In 
reporting its price control decisions, the CAA makes an upward adjustment to 
the total determined costs/revenue requirement, so that the reported charge 
on a TSU basis is the same as the charge on a CSU basis set for NERL. 

15. The revenue allowance decision produces a basic charge per CSU for each 
year of the PCP. The actual charge in each year is an adjusted version of this 
charge.  

Adjustments to Oceanic charges 

16. Oceanic charges are levied per flight in either the Atlantic sector, or the Tango 
sector.1 The maximum average charge for either sector is based on a nominal 

 
 
1 The Oceanic service is sometimes used to provide ATS to traffic flying around French airspace where there is 
congestion or other operational reasons. This area is referred to as Tango. As these flights only use a small part 
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value, set in the licence. The maximum average charge can be adjusted for 
two factors: 

(a) Variations in inflation, compared with the levels assumed at the time the 
price control was set; 

(b) A fixed addition to each of the maximum average Tango charge, and the 
maximum average Atlantic charge, for periods in which the satellite ADS-
B service is available. 

17. The core price control for the Oceanic service does not have a Traffic risk-
sharing mechanism. NERL will gain or lose all of the revenue changes 
resulting from traffic being higher or lower than forecast, in respect of the core 
charge. In respect of the ADS-B data charge for Tango routes service, there is 
an element of traffic risk sharing as NERL has agreed a fixed charge with 
Aireon for ADS-B data for Tango flights in RP3. If actual flights are greater 
than forecast, the data charge will be less per flight, and if actual flights are 
lower than forecast, the data charge will be greater per flight. For the Atlantic 
service the data charge is fixed (in real terms) per flight. 

 

Adjustments to en route and London Approach unit charges, including 
incentives and the Traffic Risk-sharing Mechanism (Traffic RSM) 

18. Each year, amounts are added to or subtracted from the total determined 
costs before the charge is calculated. There are various adjustments: 

(a) To account for any variation in inflation, compared with the inflation that 
was assumed when the determined costs for that year was set (INFt in the 
formula below, and LINFt in the London Approach formula); 

(b) To account for specified restructuring costs (ReSt in the formula below. 
LReSt in the London Approach formula – both these amounts are £0 
throughout the RP3 period); 

(c) To take account of any cost changes, for costs that are exempt from 
being solely at NERL’s risk, and that were unforeseen and out of NERL’s 
control. For example, this includes costs arising from changes to relevant 
laws or international agreements, and certain changes to pensions costs. 

 
 
of Oceanic airspace in the South East corner of Shanwick airspace, they are subject to separate ADS-B charges 
that are much lower than those for the North Atlantic. 
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Most cost changes are recovered in the following PCP or PCPs (CSMt 

and LCSMt); 

(d) To put right over- or under-recoveries in previous years, including a 
‘clawback’ of charge income that was ring-fenced for particular items, and 
underspent (MODt and LMODt, Tvart and LTvart, FASt); 

(e) To ensure costs that have been funded from sources other than regulated 
charges are taken out of the charge calculation (INEAt ,VFRt and LVFRt); 

(f) To give effect to performance incentives in the licence (FIt and LFIt); and 

(g) To implement the Traffic Risk-sharing mechanism (Traffic RSM), for the 
en route and London approach services, but not the Oceanic service. 
(TRSt and LTRSt). 

19. Full definitions of all these terms are given in the CAA’s draft licence 
modifications, Appendix H to the CAA Decision.2 

20. The CMA’s decisions on service quality targets, and on traffic forecasts, will 
have financial implications for NERL through the last two adjustments above, 
for performance incentives and traffic risk-sharing.  

21. The formula below highlights the incentives, and Traffic RSM, in red. The 
charge per unit is given in terms of TSUs, but it is equal to the charge per 
chargeable service unit, as explained above (see paragraphs 10 to 15).  

Figure B-2: Charging formula in the price control 

 
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶ℎ𝑀𝑀𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡
=
𝐷𝐷𝐶𝐶𝑡𝑡 +  𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡 +  𝑅𝑅𝑎𝑎𝑅𝑅𝑡𝑡 + 𝑇𝑇𝑅𝑅𝑅𝑅𝑡𝑡 + 𝐶𝐶𝑅𝑅𝑀𝑀𝑡𝑡 +  𝐼𝐼𝐼𝐼𝑡𝑡 + 𝑀𝑀𝑀𝑀𝐷𝐷𝑡𝑡 +  𝑇𝑇𝑇𝑇𝑀𝑀𝑎𝑎𝑡𝑡 −  𝑉𝑉𝐼𝐼𝑅𝑅𝑡𝑡 −  𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡 − 𝐼𝐼𝐼𝐼𝑅𝑅𝑡𝑡  

𝐼𝐼𝐹𝐹𝑎𝑎𝑎𝑎𝐹𝐹𝑀𝑀𝐹𝐹𝐹𝐹𝑇𝑇𝑅𝑅𝐹𝐹𝑡𝑡
− 𝐷𝐷𝐼𝐼𝑅𝑅𝐶𝐶𝑀𝑀𝐹𝐹𝐼𝐼𝑇𝑇 

 
Source: Adapted from CAA Decision, CAP1830a, Appendix H 
 
 
22. The ‘discount’ is a figure that may be set by NERL at its discretion. It is not 

determined in the price control decision, nor in the CMA investigation. 

Incentives  

23. If NERL earns incentive payments, or is penalised, under the service targets 
and incentives schemes, then its charges are adjusted, for the year 2 years 
after the year in which the payment or penalty was incurred. The charge per 

 
 
2 CAA, CAP1830a, RP3 Decision Appendices 

https://publicapps.caa.co.uk/modalapplication.aspx?appid=11&mode=detail&id=9207
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CSU is therefore changed upwards or downwards, so that customers pay 
more for service that is above the target, and less for service that is below 
target.  

24. The capex incentives in the CAA Price Control Decision, subject to any 
modifications following this review, will take effect through adjustments to the 
RAB, at the end of the PCP. They will not affect charges during this PCP. 

The Traffic RSM 

25. In any given year, the actual CSUs will be above or below the forecast CSUs. 
NERL will therefore earn more or less than its determined costs.  

26. This creates a risk for customers, and a risk for NERL: 

(a) For customers, if traffic is higher than the forecast, they are collectively 
paying NERL more than it costs to provide the service; 

(b) For NERL, if traffic is lower than forecast, then income from charges will 
not cover its costs. 

27. The price control for en route and London approach services contain a ‘Traffic 
Risk-sharing Mechanism’ (Traffic RSM), designed to mitigate these risks to 
both customers and NERL. This works through adjustments to charges, 
similar to the adjustment for service quality incentives.  

28. Charges are adjusted, according to a formula in the licence, for the year two 
years after the traffic variation from the forecast occurred. This adjustment 
leads to higher unit charges (if DC is adjusted upwards), or lower unit charges 
(if it is adjusted downwards), in the year that the adjustment applies. 

29. The EU performance regulation sets a ‘default’ Traffic RSM. National 
supervisory authorities (NSAs) may set a different Traffic RSM, provided that 
this different Traffic RSM does not give more revenue protection to the ANSP 
than the default Traffic RSM. The CAA proposed a Traffic RSM that is the 
same as the default Traffic RSM for this PCP. 

30. Under the Traffic RSM: 

(a) NERL bears all traffic risk, when traffic varies within ±2% of the forecast 
used for RP3.  That is, if traffic is lower by up to 2%, NERL has to absorb 
the shortfall in revenues; if traffic is higher by up to 2%, customers 
continue to pay the same level of charge and NERL benefits from higher 
revenues. The ±2% is called the ‘deadband’. There are no adjustments to 
charges. 
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(b) NERL bears 30% (the ‘risk sharing rate’) of the incremental cost, and 
receives 30% of the incremental increase in revenues, when traffic varies 
between ±2% and ±10% of the forecast. Customers benefit from, or pay 
to make good, 70% of the revenue effect of this traffic variation. This is 
given effect by adjusting the per-unit charges upwards if traffic was lower, 
and downwards if traffic was higher, so that the final effect on NERL is 
30% of what it would have been if charges had remained the same. This 
band is 8% wide (10%-2%), so the maximum effect of variations in this 
band is 30% of ±8%, which is ±2.4%. 

(c) If traffic varies by more than 10% from the forecast, in either direction, the 
charge per unit is adjusted in the opposite direction so that customers’ 
total costs, and NERL’s income, are held at the levels they would be with 
a variation of ±10%. 

31. This means that in any year, the amount of revenue benefit, or shortfall, is 
capped at ±4.4% (±2% plus ±2.4%).  

32. As noted above, any changes to charges come into effect 2 years after the 
year when the variation occurred. Any over- or under-recovery that occurred 
in the two years before this change is taken into account by the inclusion of 
Tvart in the formula. 
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Appendix C: Timeline of RP3 process1 

1. April 2017: CAA published discussion document on desired main objectives 
for RP3 

CAA RP3 discussion document 

2. September 2017: CAA launched consultation on its business plan guidance 
for NERL 

CAA business plan guidance consultation 

3. January 2018: CAA published Guidance for NERL in preparing business plan 
for RP3 

CAA business plan guidance 

4. April 2018 NERL submitted its Initial Business Plan (IBP) to the CAA 

5. May 2018 CAA sent letter to NERL indicating its view that IBP had ‘fallen 
short of expectations as put forward in the business plan guidance’   

CAA letter to NERL 

6. May-September 2018 Customer Consultation Working Group, culminating in a 
report by the Group’s Co-chairs (Co-chairs Report) 

CCWG Co-chairs Report  

7. October 2018 NERL published Revised Business Plan (RBP) 

NERL Revised Business Plan 

8. February 2019 CAA published Draft Decision, followed by consultation period 

CAA RP3 Draft Decision 

9. 29 August 2019: CAA published its Final Decision on RP3 (CAA Decision) 

CAA CAP 1830 UK RP3 CAA Decision document  

  

 
 
1 CAA Reference, paragraph 1.38 and B50 

https://publicapps.caa.co.uk/modalapplication.aspx?appid=11&mode=detail&id=7824
https://publicapps.caa.co.uk/modalapplication.aspx?appid=11&mode=detail&id=8069
https://publicapps.caa.co.uk/modalapplication.aspx?appid=11&mode=detail&id=8158
https://www.caa.co.uk/uploadedFiles/CAA/Content/Accordion/Standard_Content/Commercial/Airspace/Air_Traffic_Control/20180925SmithRolfe%20NERL's%20RP3%20business%20plan22.pdf
https://www.caa.co.uk/uploadedFiles/CAA/Content/Standard_Content/Commercial_industry/Airspace/Air_traffic_control/RP3CustomerConsultationWorkingGroupReport.pdf
https://www.caa.co.uk/uploadedFiles/CAA/Content/Accordion/Standard_Content/Commercial/Airspace/Air_Traffic_Control/NERL%20RP3%20business%20plan%20261018.pdf
https://publicapps.caa.co.uk/modalapplication.aspx?appid=11&mode=detail&id=8998
https://publicapps.caa.co.uk/modalapplication.aspx?appid=11&mode=detail&id=9206
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10. 10 September 2019: NATS rejected the CAA RP3 Decision 

NATS, letter from Martin Rolfe to Richard Moriarty, 10 September 2019 

11. 19 November 2019: CAA makes the Reference to the CMA 

CAA Notice of Reference 

CAA CAP 1857 Reference to the CMA of the NERL RP3 price controls (CAA 
Reference) 

12. 25 February 2020: CAA sends Notice of Variation to the CMA 

CAA Notice of Variation 

 

https://www.caa.co.uk/uploadedFiles/CAA/Content/Accordion/Standard_Content/Commercial/Airspace/Air_Traffic_Control/CAARPSFinalDecisionDocument_NATS_Letter.pdf
https://assets.publishing.service.gov.uk/media/5dd4194240f0b606e40e81be/CAA_Notice_of_reference_20191119_Redacted.pdf
https://publicapps.caa.co.uk/modalapplication.aspx?appid=11&mode=detail&id=9293
https://assets.publishing.service.gov.uk/media/5e60e62fd3bf7f108889c963/200225_CAA_Notice_of_variation_Redacted.pdf
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Appendix D: Technical note on betas and gearing 

1. This appendix provides a technical assessment of the reasons why the beta 
for NERL varies with the assumption on gearing, and provides context to the 
decision on the level of gearing to be used in setting the cost of capital.  

Purpose  

2. In the NATS case, we have identified a particular concern which arises as a 
result of the CAA’s decision relating to gearing. The CAA and NATS have 
assumed a notional 60% gearing in setting the cost of capital, although the 
comparator companies have much lower gearing. The highest comparator is 
around 40% geared (Fraport), the direct comparator (ENAV) has 0% gearing, 
and the majority of other comparators have gearing around 20%.  

3. The CAA and NATS have then used a standard approach used by regulators 
to ‘de-gear’ and ‘re-gear’ the betas of comparator firms, on the assumption of 
an asset beta which is constant with gearing.  

4. We have some concerns with the consequences of the standard regulatory 
approach to ‘re-gearing’ in this case. Our concerns start from the analytical 
finding that the cost of capital increases by around 0.5% as a result of the 
assumed higher gearing of NERL (60%) relative to gearing assumption based 
on the gearing of comparators (30%), which is not consistent with either 
finance theory or with our understanding of how actual financing models work. 
In this calculation we have adjusted for the changing proportion of embedded 
and new debt.    

5. Our understanding is that other regulators currently apply the same approach 
of using an asset beta and then re-gearing using a formula comparable to that 
used by the CAA. We have found one reference to the problem identified in 
this case, which is in the CC’s review of the price control for airports in 2007.1 
At that time the CC’s response was to use a debt beta which was at that time 
a divergence from regulatory precedent, and which was sufficient to address 
the concerns that the WACC would otherwise increase with gearing. In this 
Appendix, we consider the potential options for addressing the similar 
concerns in this case.  

 
 
1 CC Heathrow Airport Ltd and Gatwick Airport Ltd price control review, paragraphs 83 to 90 

https://webarchive.nationalarchives.gov.uk/20140402235745/http:/www.competition-commission.org.uk/assets/competitioncommission/docs/pdf/non-inquiry/rep_pub/reports/2007/fulltext/532af.pdf


 

D2 

Background 

6. According to standard finance theory, the cost of capital (WACC) does not, at 
least in a theoretical model, vary with gearing, other than for tax reasons. This 
finding was specified by Modigliani and Miller (MM) in their seminal paper 
from 1958, ‘The Cost of Capital, Corporate Finance, and the Theory of 
Investment’, and is still referred to in corporate finance texts and papers 
today.2  

7. In MM’s paper, WACC is found to be independent of gearing for reasons 
which are not linked to the model for the cost of equity. In particular, MM do 
not make the assumption that the Capital Asset Pricing Model (CAPM) is used 
for the assessment of the cost of equity. The CAPM was developed by 
Sharpe and others independently of Modigliani and Miller’s analysis.3  

8. In very simple terms, the MM theory holds on the assumption that individual 
investors can borrow at the same rate as the firms, and therefore if the cost of 
capital were not constant, then investors would buy/sell the shares and adjust 
their own leverage, thus adjusting the share price to the level where MM 
holds. MM’s paper recognises that their finding that the WACC is independent 
of gearing is based on some simplifying assumptions, and that work will need 
to follow to understand how frictions and imperfect markets will drive actual 
behaviour.  

9. MM concluded that their findings should however challenge assumptions that 
would imply that there was a systematic and persistent difference between 
actual markets and the model assumed by MM.4 The standard theory then, 
and, arguably, now, is that actual financial markets operate in a ‘U shape’ 
where the cost of capital falls with gearing up to an optimal level, and then 
starts to rise above that optimal gearing. MM described this as: 

Although the falling, or at least U-shaped, cost-of-capital function 
is in one form or another the dominant view in the literature, the 
ultimate rationale of that view is by no means clear.  

The regulatory model 

10. The model used by the regulators is based on the following assumptions: 

 
 
2 Modigliani-Miller  
3 There is a summary of the development of the CAPM in Fama-French’s 1996 paper 
4 Modigliani-Miller, page 22 

https://www.jstor.org/stable/1809766?seq=1#metadata_info_tab_contents
https://pdfs.semanticscholar.org/da9e/5eac8d1df402b4143a2bbb1ab01c6b68b3a4.pdf
https://www.jstor.org/stable/1809766?seq=1#metadata_info_tab_contents
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• Embedded debt is recovered at its actual cost (potentially subject to 
efficiency adjustments). This is relevant to the extent that this implies that 
the cost of debt will change to reflect the level of gearing.  

• The cost of new debt can be estimated based on observable market data 
for the cost of debt.  

• The cost of equity can be modelled based on the CAPM, based on first 
measuring an asset beta based on comparators, and second, assuming 
that the asset beta is independent of gearing 

11. In the NATS case, these assumptions are not consistent with MM, as the cost 
of capital calculated using this model increases with gearing.  

12. This is because the observable cost of debt, used to calculate the cost of new 
debt, breaches an assumption underlying the CAPM, which is that the 
investors’ required levels of financing costs of debt and equity are explainable 
entirely by regressing a single factor – the total market return. For this ‘one-
factor’ model to work, the following equation would need to hold for the cost of 
debt: 

𝑅𝑅𝐷𝐷 = 𝑅𝑅𝑟𝑟𝑟𝑟 + 𝛽𝛽𝐷𝐷�𝑅𝑅𝑚𝑚 − 𝑅𝑅𝑟𝑟𝑟𝑟� + 𝐼𝐼𝐸𝐸𝐸𝐸5 

13. In respect of the current NATS cost of debt, this equation does not hold in 
practice. Europe Economics estimated the debt beta on this basis, and the 
implied debt beta was concluded by the CAA, and also by us, to be 
implausibly high.6 There are a number of reasons why this equation may not 
hold. The ‘liquidity premium’ referred to by the CC in 2007 may have 
increased. Alternatively, the debt premium may have increased to offset the 
ultra-low returns on government bonds by comparison to historical averages. 
In either case, the additional risk premium appears to be a systematic or 
market risk factor, in that a comparable risk premium applies across the 
corporate bond markets, and is not therefore diversifiable by corporate bond 
investors.  

14. The result of this difference between the implied CAPM cost of debt and the 
actual cost of debt is that the cost of capital calculated by the regulators’ 
model increases with gearing (g). The increase is equal to the difference 
between the actual (observable) cost of new debt, and the CAPM cost of debt 
(𝑅𝑅𝐷𝐷) implied by the equation above.  

 
 
5 Where 𝑅𝑅𝐷𝐷 is cost of debt, 𝑅𝑅𝑟𝑟𝑟𝑟 is risk free rate, 𝛽𝛽𝐷𝐷 is debt beta, 𝑅𝑅𝑚𝑚 is total market return and 𝐼𝐼𝐸𝐸𝐸𝐸 is expected loss 
premium. 
6  CAA Decision Appendices, Appendix E, paragraph E138 

http://publicapps.caa.co.uk/docs/33/CAP%201830a%20appendices.pdf
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15. In the UKRN paper, the authors also noted this effect, describing the 
regulatory model as the CAPM(E)-WACC, by comparison to a model based 
purely on CAPM parameters, which they characterised as a CAPM-WACC. 
The authors highlighted the difference could go either way:7  

[3.1] Note that in general the asset beta (𝛽𝛽𝐴𝐴) will be a function of 
the leverage of the company g. We typically assume that 𝛽𝛽𝐴𝐴 is a 
U-shaped function of g, reaching a minimum at the optimal level 
of gearing, g*. The CAPM in turn implies that the same property 
must hold for the WACC. 

16. In practice, the difference between the actual cost of new debt and the implied 
cost of new debt from the CAPM is currently material and positive. This 
difference, multiplied by the change in gearing, directly translates to the 
increase in WACC with gearing.  

An alternative model consistent with MM 

17. The Modigliani-Miller model assumes that cost of capital is independent of 
gearing. For this to be true, as gearing increases, the following needs to hold: 

• 𝐼𝐼𝐼𝐼𝐹𝐹𝑎𝑎𝑎𝑎𝑀𝑀𝐹𝐹𝑎𝑎 𝑀𝑀𝐼𝐼 𝐹𝐹𝐹𝐹𝐹𝐹𝑀𝑀𝑡𝑡 𝑅𝑅𝐷𝐷 = 𝑅𝑅𝑎𝑎𝑅𝑅𝑀𝑀𝐹𝐹𝐹𝐹𝑀𝑀𝐹𝐹𝐼𝐼 𝑀𝑀𝐼𝐼 𝐹𝐹𝐹𝐹𝐹𝐹𝑀𝑀𝑡𝑡 𝑅𝑅𝐸𝐸8 

• 𝑇𝑇𝐹𝐹𝐹𝐹𝑀𝑀𝑡𝑡 𝑀𝑀𝐼𝐼𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑀𝑀𝐹𝐹 ℎ𝑀𝑀𝑎𝑎ℎ𝑎𝑎𝑎𝑎 𝑎𝑎 − 𝑇𝑇𝐹𝐹𝐹𝐹𝑀𝑀𝑡𝑡 𝑀𝑀𝐼𝐼𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑀𝑀𝐹𝐹 𝑡𝑡𝐹𝐹𝑙𝑙𝑎𝑎𝑎𝑎 𝑎𝑎 =
𝑇𝑇𝐹𝐹𝐹𝐹𝑀𝑀𝑡𝑡 𝑅𝑅𝐸𝐸  𝑀𝑀𝐹𝐹 𝑡𝑡𝐹𝐹𝑙𝑙𝑎𝑎𝑎𝑎 𝑎𝑎 −  𝑇𝑇𝐹𝐹𝐹𝐹𝑀𝑀𝑡𝑡 𝑅𝑅𝐸𝐸  𝑀𝑀𝐹𝐹 ℎ𝑀𝑀𝑎𝑎ℎ𝑎𝑎𝑎𝑎 𝑎𝑎   

18. Assuming that the cost of debt is approximately constant (or the change is 
measurable from market data) for a small increase in gearing from g to g*, this 
means: 

𝑅𝑅𝐸𝐸 × 𝑎𝑎 ∗ −𝑅𝑅𝐸𝐸 × 𝑎𝑎 = (𝑎𝑎 ∗ −𝑎𝑎) × 𝑅𝑅𝐷𝐷 

19. If we assume that this equation holds, ie that the WACC is independent of 
gearing, and if we can estimate 𝑅𝑅𝐷𝐷 from market data, then we only need to 
know the cost of equity at any one level of gearing, to be able to work out the 
cost of equity at any other level of gearing.  

20. Therefore, if we can use the CAPM to estimate the cost of equity at one level 
of gearing, for example, the gearing of the comparator firms, we can imply the 
cost of equity for all other levels of gearing. 

 
 
7 UKRN report, page 23-24 
8 Where 𝑅𝑅𝐷𝐷 is cost of debt and 𝐼𝐼[𝑅𝑅𝑖𝑖] is cost of equity.  

https://www.ukrn.org.uk/wp-content/uploads/2018/06/2018-CoE-Study.pdf
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Illustration: scenarios for the cost of equity  

21. We illustrate below the consequence for the implied cost of equity for NATS at 
different levels of gearing of using the approach described above of a WACC 
which is constant with gearing. The graph below demonstrates the effect of 
this approach on the pace at which the cost of equity increases for NATS, if 
the starting point for both is the CAA’s asset beta, based on a comparator with 
0% gearing (ENAV).   

Figure D-1: Cost of equity and Vanilla WACC at different gearing levels, under the CAA’s 
model and an alternative MM model which assumes constant WACC with gearing. 

  

Source: CAA Decision and CMA analysis.  
 
22. Figure D-1 illustrates that the cost of equity can increase with gearing and 

also that the cost of capital can be consistent with MM, but that implies that 
asset betas change with gearing. Given the current level of the cost of new 
debt, the consequential effect is in practice that asset betas would reduce with 
gearing. This is consistent with the observations of Professor Wright and co-
authors in the UKRN paper referred to above:9  

 
 
9 UKRN report, page 23-24 

https://www.ukrn.org.uk/wp-content/uploads/2018/06/2018-CoE-Study.pdf
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[3.1] Note that in general the asset beta (𝛽𝛽𝐴𝐴) will be a function of 
the leverage of the company g. We typically assume that 𝛽𝛽𝐴𝐴 is a 
U-shaped function of g, reaching a minimum at the optimal level 
of gearing, g*. The CAPM in turn implies that the same property 
must hold for the WACC. 

23. The MM scenario including a constant WACC seems more consistent than 
CAA’s model with the observed practice that the WACC is constant or 
reduces as gearing increases towards an optimal gearing, which most 
regulators have assumed to be around 60% when setting the cost of capital.  

24. Figure D-1 illustrates that if the WACC is to be constant with gearing, then the 
asset beta and total market return are not sufficient to explain the cost of 
equity, as the equity beta increases at a slower rate than under a model 
where WACC is constant, the consequence of which is that asset beta varies 
(and in fact, falls) with gearing.  

25. As described above in the extract from the UKRN paper, one way of looking 
at this is that the asset beta, whilst it in theory is based only on the risk of the 
assets, is in practice not constant as the way those assets are financed (eg. in 
the choice of the level of gearing) changes. Another way of describing the 
effect is that it is consistent with academic practice which considers models 
for returns on capital which go beyond the CAPM, normally called ‘multi-factor 
models’. 

26. Our understanding is that multi-factor models have been rejected for use by 
regulators not because they are wrong – academic evidence suggests they 
are better in explaining actual returns to investors. They have been rejected 
because they are hard to populate in practice. The most popular multi-factor 
model, the Fama-French model, has been considered by some regulators for 
use but it was concluded that it was not feasible to populate the model.10  

Additional note: the concept of ‘optimal gearing’ 

27. In practice, we understand the WACC is likely to not to be constant, but to 
reduce as gearing increases towards ‘optimal gearing’. A model where the 
WACC falls with increasing gearing would imply that the increase in the cost 
of equity as gearing rises is even more shallow than implied by the MM 
model, which assumes that WACC is constant with gearing. In other words, 
the rate increase in the cost of equity between zero gearing and ‘optimal 

 
 
10 Also discussed in the Fama-French 2004 review  

https://pdfs.semanticscholar.org/da9e/5eac8d1df402b4143a2bbb1ab01c6b68b3a4.pdf
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gearing’ is even more distinct from the assumption in the regulatory model, ie 
a model which has an increasing WACC.  

28. Our analysis of the literature, including the UKRN paper, suggests that there 
is no theoretical problem with using a model which implies the WACC falls 
with higher gearing. Such a model implies that, as observed by financial 
market observers, the low cost of debt means that the most companies are 
more valuable if they gear up as far as debt markets will allow at the current 
low cost of new debt.  

29. For the purpose of setting a regulatory determination, a possible implication is 
that when estimating the cost of capital, we should recognise that the 
difference between the cost of capital at notional gearing and ‘optimal gearing’ 
represents another source of uncertainty. A model based on measuring the 
cost of capital at one level of gearing may overstate the cost of capital at 
‘optimal gearing’. However, the scale of the difference between the cost of 
capital at notional gearing and ‘optimal gearing’ is not directly measurable 
using a standard regulatory model that assumes a constant asset beta. 
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Appendix E: Estimating historical returns 

Inflation measures 

1. There are four main inflation indices that have been used to deflate historic 
equity returns. These are the retail price index (RPI), the consumer price 
index (CPI), the Cost of Living Index (COLI) and the Consumption 
Expenditure Deflator (CED).1 We provide a brief description of each inflation 
measure, in terms of its availability, ie the time period for which it is available, 
its robustness as a measure of inflation, and its consistency over time. 

RPI 

Availability 

2. RPI was first calculated in 1947 and was the headline measure of inflation in 
the UK until 2013. Although it was stripped of its National Statistics status in 
March 2013, RPI is still collected and published by the ONS due to its use in 
indexing a broad range of prices, including gilts, pensions, student loans etc.  

Robustness 

3. RPI is not a robust measure of inflation. As the ONS explains: 

Overall, RPI is a very poor measure of general inflation, at times 
greatly overestimating and at other times underestimating 
changes in prices and how these changes are experienced.  

In 2013, the RPI lost its status as a National Statistic. Our position 
on the RPI is clear: we do not think it is a good measure of 
inflation and discourage its use. There are other, better measures 
available and any use of RPI over these far superior alternatives 
should be closely scrutinised.2 

4. Overall, RPI tends to overestimate inflation due to its use of the Carli formula 
(giving rise to ‘the formula effect’), which is an arithmetic average of price 
relatives, rather than the Jevons formula, which gives a geometric average 
price change. However, there are also issues with the index due to the data 

 
 
1 In addition, there is a dataset that is sometimes used to cover the period 1900 to 1914, estimated by Feinstein 
(1991). However, given the relatively short period covered by this inflation series, and therefore the minor impact 
using it would have on our estimates of TMR, we do not propose to consider it in detail. 
2 ONS, Shortcomings of the retail prices index as a measure of inflation  
 

https://www.ons.gov.uk/economy/inflationandpriceindices/articles/shortcomingsoftheretailpricesindexasameasureofinflation/2018-03-08
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source of the weights (coming from the Living Costs and Food Survey only), 
population coverage (excluding the highest-earning 4% of households, as well 
as pensioner households that derive at least 75% of their income from state 
benefits, institutional households and foreign visitors to the UK) and treatment 
of some goods, such as owner occupiers housing.3 Figure 1, below shows 
how these issues have contributed to a ‘wedge’ between RPI and CPIH in 
recent years.  

Figure E-1: Causes of the difference between the RPI and CPIH inflation rates, 2006 to 2018 

 
Source: Office for National Statistics 

 

5. In 2012, the National Statistician consulted on changing the RPI to address 
some of its flaws. However, the consultation4 concluded ‘there is significant 
value to users in maintaining the continuity of the existing RPI’s long time 
series without major change, so that it may continue to be used for long-term 
indexation and for index-linked gilts and bonds in accordance with user 

 
 
3 For example, the Johnson Review states that:  

As we stressed above it is generally hard in this area to come to absolute conclusions. But it is our 
strong view that the use of the Carli is inappropriate and that the RPI is upwardly biased because of its 
use. In light of this, ONS has introduced an additional inflation measure – RPIJ – which is essentially the 
same as the RPI except that it uses the Jevons method wherever the RPI uses the Carli… But it is not 
just the use of the Carli which is problematic in the construction of the RPI as a measure of consumer 
price inflation. Issues with the data source of the weights, population coverage and treatment of some 
goods (like insurance and owner occupiers housing costs) make the RPI less suitable as a measure of 
overall inflation. RPIJ is problematic for all the same reasons. 

Similarly, Wright et al (2018) note that “[T]he elementary price aggregation methods in RPI create significant and 
unstable biases between recorded inflation and what it is attempting to measure.”, pg D-109. 
4 ONS review of RPI 
 

https://www.statisticsauthority.gov.uk/wp-content/uploads/2015/12/images-ukconsumerpricestatisticsarevie_tcm97-44345.pdf
http://webarchive.nationalarchives.gov.uk/20160108030655/http:/www.ons.gov.uk/ons/rel/mro/news-release/rpirecommendations/rpinewsrelease.html
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expectations’. This reflected the fact that some users valued the continuity of 
the index, despite its flaws.  

6. While the ONS has committed to continue producing RPI as currently defined, 
any future changes to the index will be limited to issues such as the annual 
update of the basket and weights, improvements to data validation and quality 
assurance etc.5  

Consistency 

7. RPI is not a consistent index insofar as changes to the underlying 
methodology used to calculate the RPI mean that it is not comparable over 
time. The clearest example of this was the significant increase in the formula 
effect in 2010 as a result of a change to the way that clothing prices were 
collected. This increase in the formula effect, from around 0.5 percentage 
points to 0.8-0.9 percentage points, is shown in the chart below. 

Figure E-2: Contribution of the difference between RPI and CPI from the formula effect 

 

Source: OBR website  

8. Oxera highlights 5 (further) key changes in the RPI methodology since 1947: 

(a) In 1956 the RPI experienced a range of important methodological 
improvements, in particular, all wage-earning households were included—
not only the working class, the index took its weights from the more recent 
1953 expenditure survey, rather than the pre-war late-1930s survey, and 
owner-occupier housing costs were included for the first time. 

(b) From 1962, expenditure weights were updated on an annual basis. 

 
 
5 Johnson Review, page 53. 

https://obr.uk/box/the-long-run-differences-between-the-cpi-and-rpi/
https://www.statisticsauthority.gov.uk/wp-content/uploads/2015/12/images-ukconsumerpricestatisticsarevie_tcm97-44345.pdf
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(c) In 1968, prices of food and drink purchased in restaurants were 
introduced.  

(d) In 1975, mortgage interest payments were introduced to represent owner-
occupiers’ housing costs.6 

(e) In 1986 it was decided to exclude the top 4% of households, based on 
their household income (before this, households earning more than a 
certain amount were excluded). In the following years, holidays started 
being included as well.7 

CPI 

Availability 

9. CPI was first published in 1996 and it replaced RPI as the headline measure 
of inflation from 2013. However, growth rates for the CPI and its main 
component indices are available for the period from 1989 until the present 
day.8 The ONS has sought to estimate CPI from 1949-1987, otherwise known 
as the ‘back-cast’ by using the historic RPI series and an estimate for the RPI-
CPI ‘wedge’. See paragraphs 18 to 20 for further details of how this ‘backcast’ 
has been carried out. 

Robustness & consistency 

10. CPI is prepared according to international best practice, predominantly using 
the Jevons formula for unweighted averages (ie based on geometric average 
price changes), covering all private and institutional households and drawing 
on a full range of sources from the National Accounts. However, CPI does not 
include any measure of owner occupier housing costs, which are an important 
element of household budgets. For this reason, the ONS intends to replace 
CPI with CPIH as its headline measure of inflation in the UK.9 

11. The CPI ‘backcast’ has been estimated by creating an ‘RPI adjusted’ (RPIA) 
series which uses RPI data and applies the RPI calculation formula but 
mimics the CPI coverage and weighting. 

12. It then uses RPIA to compute the formula effect (RPIA – CPI) for the period 
with overlapping data for the RPI and CPI series (1989 to 2011). This allows 

 
 
6 This was prompted by concerns that equivalent rents did not measure housing costs for owner-occupiers well, 
especially given recent rises in interest rates and the growth of owner occupation (meaning that more than half of 
all households fell into this category) 
7 Estimating RPI-adjusted equity market returns, Oxera, 2 August 2019 
8 Modelling a back-series for the consumer price index, ONS 
9 Users and uses of consumer price inflation statistics  

https://competitionandmarkets.sharepoint.com/sites/RA-50827/Shared%20Documents/Forms/Documents.aspx?id=%2Fsites%2FRA%2D50827%2FShared%20Documents%2FParties%2FThird%20parties%2FOther%2FEnergy%20Networks%20Association%2F191220%20Annex3%20Oxera%20Estimating%20RPI%2Dadjusted%20equity%20market%20returns%20Heathrow%20Airport%20August%202019%2Epdf&parent=%2Fsites%2FRA%2D50827%2FShared%20Documents%2FParties%2FThird%20parties%2FOther%2FEnergy%20Networks%20Association
https://webarchive.nationalarchives.gov.uk/20151014001752/http:/www.ons.gov.uk/ons/rel/cpi/modelling-a-back-series-for-the-consumer-price-index/1950---2011/index.html
https://www.ons.gov.uk/economy/inflationandpriceindices/methodologies/usersandusesofconsumerpriceinflationstatistics


 

E5 

the researchers to identify the ‘pure’ formula effect (ie excluding differences 
arising due to differences in coverage and weighting). The researchers use 
the computed formula effect for the overlapping period, together with other 
economic information (including on RPI, GDP etc), to estimate a time series 
(ARIMA) model, which is then used for out-of-sample prediction, ie to 
backcast the formula effect to 1949. Finally, they derive CPI estimates using 
the backcast formula effects and the adjusted RPI series.   

13. The approach to backcasting CPI ensures consistency across the CPI figures 
over the 1949 to 2020 period. However, the researchers who carried out the 
backcast highlighted that  

[t]he method provides only approximate results and there is no way to 
determine how accurate our method is as sufficient data to calculate 
the CPI do not exist prior to 1987. The modelled estimates described in 
this paper provide an estimate of a consistent series for the primary 
inflation measure used in the UK over a period for which no such 
measure was previously available. Because of the assumptions made 
in their construction, these estimates are not National Statistics.10 

 Consumption Expenditure Deflator  

14. This is the implied deflator for consumers’ expenditure derived from estimates 
of consumers’ expenditure valued at current and constant prices taken from 
the unofficial national accounts of the United Kingdom, prepared by the 
Department of Applied Economics at Cambridge University (source: C H 
Feinstein, National Income, Expenditure and Output of the United Kingdom 
1855-1965, 1972, tables 24 and 25).  

Availability:  

15. It is available for the period between 1870 and 1947. 

Robustness & consistency 

16. The CED is not a price index but rather an implied deflator. Feinstein notes 
that the margin of error in terms of consumption levels is likely to be less than 
5% for the period from 1914 onwards, and between 5% and 15% for the 
period from 1890 to 1913. However, O’Donoghue et al note that the implied 

 
 
10 Modelling a back-series for the consumer price index, ONS 
 

https://webarchive.nationalarchives.gov.uk/20151014001752/http:/www.ons.gov.uk/ons/rel/cpi/modelling-a-back-series-for-the-consumer-price-index/1950---2011/index.html
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deflator is likely to be subject to a smaller margin of error than the underlying 
expenditure data as it is based on relative rather than absolute levels.11  

17. Due to its method of calculation the CED is a Paasche index rather than a 
Laspeyres, ie it uses current-period quantity weightings while the latter uses 
base-period quantity weightings. This means that the index takes into 
consideration (changes in) consumption patterns within period. As a result, it 
will tend to understate the changes in price because the index already reflects 
changes in consumption patterns when consumers respond to price changes 
and adopt substitutes.  

18. The CED has been estimated on a consistent basis over the 1870 to 1947 
period. 

Cost of Living index12 

Availability:  

19. This was first prepared by the UK Government in 1914 and continued to be 
produced until 1947.  

Robustness & consistency  

20. The COLI was designed to measure the costs faced by working class 
households with the aim of helping to protect workers from the economic 
consequences of the First World War. To that end, the COLI sought to 
monitor changes in prices of the main items purchased by working-class 
households. These changes were weighted according to spending on the 
different items to produce an overall index.  

21. The inflation basket included food and drink, rent and rates, clothing, fuel and 
lighting. The weightings for the items in the basket were set in 1914 and never 
updated. The excerpt below, taken from the Interim Report of the Cost of 
Living Advisory Committee outlines the categories and weights assigned in 
1914.13 

 
 
11 O’Donoghue et al, ‘Consumer price inflation since 1750’, ONS Economic Trends, March 2004  
12 https://publications.parliament.uk/pa/ld201719/ldselect/ldeconaf/246/24604.htm, paragraphs 23 to 27 
13 Ministry of Labour and National Service, Interim Report of the Cost of Living Advisory Committee, Cmd  7077, 
March 1947  

http://piketty.pse.ens.fr/files/capitalisback/CountryData/UK/VariousOfficialSeries/CPIsince1750.pdf
https://publications.parliament.uk/pa/ld201719/ldselect/ldeconaf/246/24604.htm
https://www.ons.gov.uk/ons/guide-method/user-guidance/prices/cpi-and-rpi/rpi-advisory-committee-historic-reports-1947-1994/historic-report-1947-cmd-7077.pdf
https://www.ons.gov.uk/ons/guide-method/user-guidance/prices/cpi-and-rpi/rpi-advisory-committee-historic-reports-1947-1994/historic-report-1947-cmd-7077.pdf
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Figure E-3: Comparison of components of  Cost of Living Index, 1914 and 1937-38  

 

Source: Interim Report of the Cost of Living Advisory Committee, March 1947, Appendix I 
 
22. Due to the design of the index, the range of products included was limited, as 

was its coverage of the population.14 In addition, the weights were not 
changed over time despite spending patterns changing, such that they 
became increasingly out of date. The index also made judgements as to how 
working-class households should spend their money; beer was excluded and 
the weight for tobacco did not reflect how much was actually spent on it.15 

23. The COLI was prepared on a consistent basis over the 1914 to 1947 period. 

Datasets 

24. There are two main datasets of recognised historical inflation series that have 
been used by academics, regulators and other parties to evaluate TMR. 
These are the Credit Suisse Yearbook, prepared by Dimson, Marsh and 
Staunton (‘DMS’ dataset) and the Bank of England Millennium dataset. Both 
use a combination of the above inflation measures. We provide a brief 
description of each below.  

 
 
14 O’Donoghue et al, ‘Consumer price inflation since 1750’, ONS Economic Trends, March 2004  
15 See Johnson Review, page 46. 

http://piketty.pse.ens.fr/files/capitalisback/CountryData/UK/VariousOfficialSeries/CPIsince1750.pdf
https://www.statisticsauthority.gov.uk/wp-content/uploads/2015/12/images-ukconsumerpricestatisticsarevie_tcm97-44345.pdf
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Dimson Marsh and Staunton (DMS)  

25. The Credit Suisse Global Investment Returns Yearbook produced by Dimson, 
Marsh and Staunton (DMS) of London Business School, is an annual study of 
global historic investment returns.  

26. The underlying inflation indices used to compile the DMS published long run 
inflation data series have changed over the recent past. This has a significant 
impact on the resulting estimated historic “real” returns calculated.  

27. In 2016, DMS introduced CPI into their inflation dataset for the period 1988 
onwards, motivated by continuing concern about the upward bias in the RPI.16 
A further change in the latest 2019 Yearbook17 saw a move to using CPI 
‘backcast’ data for the period from 1949. The composition of the inflation 
series is summarised below.   

• Pre 2016 Yearbook: Cost of Living Index from 1900 to 1948 and RPI 
data from 1949 onwards. 

• 2016 Yearbook: Cost of Living Index from 1900 to 1948 and RPI data 
from 1949 to 1987 and CPI from 1988 onwards.  

• 2019 Yearbook: Cost of Living Index from 1900 to 1948, ONS’s ‘back 
cast’ measure of CPI since 1949, and CPI from 1988 onwards.  

28. As a result, when the use of DMS data, whether real returns or historical 
inflation series, has been cited, it is important to understand from which 
Yearbook the data has been taken as this would significantly impact the 
results.  

Bank of England Millennium Dataset 

29. A group of Bank of England staff alongside academics have sought to collate 
a body of evidence to create a long run series of historic inflation: The 
Millennium dataset. This dataset comes with the caveat that it is not an official 
Bank of England data source and that it has been compiled for use by 
students and researchers.18  

30. The dataset itself is not intended to be static, with data being added as 
necessary and errors corrected, therefore it is advised that the dataset should 
be viewed as ‘work in progress’. 

 
 
16 Credit Suisse Global Investment Returns Yearbook 2017, February 2017, page 212 
17 Credit Suisse Global Investment Returns Yearbook 2019, February 2019, page 212 
18 A millennium of macroeconomic data for the UK, Bank of England 

https://www.bankofengland.co.uk/-/media/boe/files/statistics/research-datasets/a-millennium-of-macroeconomic-data-for-the-uk.xlsx?la=en&hash=73ABBFB603A709FEEB1FD349B1C61F11527F1DE4
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31. There are the following versions of the inflation series: 

• CPI ’original’ method (version 1):  Composite price index series from a 
paper by O’ Donoghue et al (2004) which uses ONS’s Consumption 
Expenditure Deflator (CED) up to 1949. ONS’s back-cast measure of 
CPI since 1949, and CPI from 1988 onwards.  

• CPI ‘preferred’ measure: This is identical to the ‘original’ series apart 
from the period 1900-1914, which instead of the O’Donoghue et al. 
(2004) series is based on a series from a paper by Feinstein (1991).19 

• RPI measure - uses the same composite price index series from O’ 
Donoghue et al (2004)20 up to 1949 and published RPI data from 1949.  

Averaging techniques and holding periods 

 
32. Under the assumptions that expected returns are constant over time, and that 

returns in each period are independent of each other, the arithmetic average 
of realised returns is an unbiased measure of the constant expected return. A 
simple approach to measuring historical returns is therefore to calculate an 
arithmetic average of historical returns. 

33. The length of the period over which the return to be averaged is measured is 
a complex issue. The relevant period would seem to be the period for which 
investors expect to be invested in the market (we describe this as the holding 
period). It seems very unlikely that this is as short as one year. Because of 
their price variability, equities are usually regarded as a long-term investment.  

34. Blume has shown that, if the holding period is longer than one year, the 
arithmetic mean of one-year returns is an upwards-biased measure of the true 
expected return (assuming that returns are independently and identically 
distributed around the true expected return).21 Blume suggested a number of 
unbiased measures if the holding period is longer than one year. Assuming a 
holding period of ℎ years, expressed as equivalent annual returns, these 
included:  

 
 
19 C. H. Feinstein ‘A new look at the cost of living’, in Foreman-Peck J. ed. ‘New perspectives on the late Victorian 
Economy’, Cambridge University Press, 1991  

20 O’Donoghue et al, ‘Consumer price inflation since 1750’, ONS Economic Trends, March 2004  
21 Blume, M, ‘Unbiased estimators of long-run expected rates of return’, Journal of the American Statistical 
Association, 1979. 
 

http://piketty.pse.ens.fr/files/capitalisback/CountryData/UK/VariousOfficialSeries/CPIsince1750.pdf
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(a) We describe this as the ‘simple’ estimator of the average return for a 
holding period of h years.22 The DMS data covers 120 years and if we 
wish to use all of this data we are limited to values of h which are factors 
of 120. However, the number of non-overlapping observations drops off 
rapidly as the holding period increases—there are only 12 observations 
for a holding period of ten years, 6 for a holding period of 20 years and 
two for a holding period of 60 years. 

(b) The arithmetic mean of returns for all overlapping periods of ℎ years.23 
This greatly increases the number of observations (the data gives 111 
such observations for a ten-year holding period): intuitively, we might 
expect accuracy to be increased by extending the observations even 
though these observations are not independent of each other, but Blume’s 
simulations tended to suggest that the overlapping mean tends to be a 
less efficient estimator than the non-overlapping mean. 

(c) A weighted average of the arithmetic and geometric means24 where the 
weight on the arithmetic mean is (120−ℎ)

(𝑡𝑡−1)
 and the weight on the geometric 

mean (ℎ−1)
(𝑡𝑡−1)

 where 𝐹𝐹 is the length of time for which we have data. We 

describe this as the Blume estimator. For a holding period of one year, 
this is the arithmetic mean which, as noted above, is unbiased for a 
holding period of one year; and for a holding period equal to 𝐹𝐹 (120 years 
for our data), this is equal to the geometric mean which is an unbiased 
estimator for this length of holding period (albeit one based on a single 
observation of the expected return over 120 years).  

35. Jacquier, Kane and Marcus (JKM) extended Blume’s work under the 
assumption that returns were lognormally distributed.25 JKM proposed a 
general class of estimators of annualized returns taking the form: 𝑎𝑎(𝑚𝑚+0.5𝑣𝑣𝑣𝑣) 
where 𝑀𝑀 is the arithmetic mean and 𝑇𝑇 is the variance of annual returns; and 𝑘𝑘 
is a parameter depending on ℎ and 𝐹𝐹. In particular, JKM proposed:  

 
 
22 The mean is calculated from the formula 

∑�𝑅𝑅𝑡𝑡+
ℎ
𝑅𝑅𝑡𝑡
�

120
ℎ

 1
ℎ
 where ℎ is holding period, 𝑅𝑅𝑡𝑡 is value of returns index at the 

end of year t and the expression is summed for 120
ℎ

 values of t for which non-overlapping data is available. 

23 The mean is calculated from the formula  
∑�𝑅𝑅𝑡𝑡+

ℎ
𝑅𝑅𝑡𝑡
�

120−ℎ+1
 1
ℎ
 where ℎ is holding period, 𝑅𝑅𝑡𝑡 is value of returns index at the 

end of year t and the expression is summed for values of t for which overlapping data is available. 
24 The geometric mean of annual return indices is equal to the compound annual growth rate in returns over the 
period. 
25 Jacquier, E, Kane, A and Marcus, A J, ‘Optimal estimation of the risk premium for the long run and asset 
allocation: a case of compounded estimation risk’, Journal of Financial Econometrics, 2005. 
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(a) an unbiased estimator, where 𝑘𝑘 = 1 − ℎ
𝑡𝑡
; and  

(b) a further estimator, where 𝑘𝑘 = 1 − 3ℎ
𝑡𝑡

. JKM show that this minimizes the 
difference between the estimate and the true value in small samples (is 
small sample efficient), even though it is not unbiased.26 This is useful 
because our sample of independent observations becomes small as h 
increases. 

Results 

36. Table E-1 shows the results of our analysis using the various inflation 
measures and estimators discussed in this appendix. 

Table E- 1: CMA estimates of real returns, 1900 to 2019 

  Inflation series 
 Holding period CED/CPI CED/RPI COLI/RPI 
Arithmetic mean 1 year 7.0% 6.7% 7.1% 
Geometric mean 120 years 5.2% 5.0% 5.4% 
Blume (1974) 10 years 6.8% 6.6% 7.0% 

20 years 6.7% 6.4% 6.8% 
JKM (2005) unbiased 
estimator 

10 years 6.9% 6.6% 7.0% 
20 years 6.7% 6.5% 6.9% 

JKM (MSE) 10 years 6.6% 6.3% 6.7% 
20 years 6.1% 5.9% 6.3% 

Overlapping 10 years 6.6% 6.4% 6.7% 
20 years 6.7% 6.4% 6.7% 

Non-overlapping 10 years 6.8% 6.5% 6.7% 
20 years 7.2% 6.8% 7.1% 

     
Source: CMA analysis, DMS returns data 

 

 
 
26 Blume assumed that returns were normally distributed, implying that the return index can take a negative 
value; the lognormal assumption avoids this implication and is more analytically tractable. 
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Glossary 

Term Definition 

3Di Three dimension inefficiency score, a metric that incorporates 
flight path inefficiencies.  

ACOG Airspace Change Organising Group – the organisation  that is 
commissioned by the DfT and CAA with coordinating and 
project managing the airspace changes needed to modernise 
the UK’s airspace (see AMS).  

AdP Aéroports de Paris 

ADS-B Automatic dependent surveillance – broadcast system. This is 
a surveillance technology in which an aircraft determines its 
position via satellite navigation and periodically broadcasts it, 
enabling the aircraft to be tracked independent of traditional 
radar.  The receivers for ADS-B signals have to date been 
land-based. 

AENA Spanish company, 52% state-owned and 49% traded, that 
manages airports and heliports in Spain, and through a 
subsidiary has interests in the operation of 17 airports 
worldwide. 

Aireon 
LLC 

Aireon manufactures, deploys, and operates a global aircraft 
tracking and surveillance system, utilising satellite-based 
receivers to monitor the existing ADS-B transmissions of 
aircraft, for global air traffic surveillance.  

AIS The Aeronautical Information Service (AIS). NERL provides 
the Aeronautical Information Service as a specified service 
under its Licence.  

ANSP Air navigation services provider. Standard term for the 
organisations that provide Air Traffic Control services within a 
state or region. 

ATC Air Traffic Control 
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ATCOs Air Traffic Control Officers are trained and licensed personnel 
responsible for the safe, orderly, and expeditious flow of air 
traffic in the global air traffic control system. 

ATM  Air traffic management  

C1  Average minutes of en route air traffic flow management 
delay attributable to air navigation services.  

C2  The UK capacity metric against which financial incentives are 
set. It is calculated by adjusting the C1 score for certain 
categories of delay attributable to NERL. 

C3  C3 is an Impact Score, which places greater weight on long 
delays and delays in the morning/evening peaks. It is 
determined with reference to C2 target.  

C4  C4 measures and incentivises NERL to avoid days of 
particularly severe and exceptional disruption.  

CAA Civil Aviation Authority. The CAA is the economic regulator for 
NERL, and for Heathrow Airport. It is the airspace regulator 
for UK airspace and the safety regulator for UK aviation. 

CAAPS  The defined benefit pension scheme split into two separately 
governed sections since PPP – one for CAA members and for 
NATS Group members. 

capex Capital expenditures, commonly known as capex, are funds 
used by a company to acquire, upgrade, and maintain 
physical assets such as property, buildings, an industrial 
plant, technology or equipment.  

CAPM The Capital Asset Pricing Model (CAPM) describes the 
relationship between systematic risk and expected return for 
assets, particularly stocks.  

CCWG Customer Consultation Working Group. Programme of 
customer consultation established by NERL to consult on its 
initial business plan over 2018. A Co-chairs’ report was 
produced at the end of the process and is published on the 
CAA website. 



Glos-3 

Centrica  British multinational energy company. Its principal activity is 
electricity and gas supply to users. 

CEPA Cambridge Economic Policy Associates.  CEPA is an 
economic consulting firm.  

CMA The Competition and Markets Authority 

CP2, CP2, CP3 Control Periods 1/2/3.  

Prior to the creation of Reference Periods under SES, NERL 
was regulated by the CAA under a UK only scheme. Price 
controls were set for Control Periods commencing at the time 
of the PPP in 2001. CP1 and CP2 were 5 year periods while 
CP3 was a 4 year period from 2011 to 2014 to bring its 
conclusion into line with the European Reference Periods.  

CPI  Consumer price index  

CPI/RPI wedge RPI inflation differs from CPI inflation for a number of 
reasons. Collectively the difference between the two 
measures is referred to as the 'wedge'.  

CSU Chargeable service units (unit of traffic volume). Military and 
other exempt flight service units are not CSUs. 

DB  The CAAPS Defined Benefit pensions scheme open to NATS 
Employees up until 2009.  

DC  The Defined Contribution pension scheme that replaced the 
DB pension scheme when it was closed to new members in 
2009.  

Determined Costs Net revenue allowance determined by CAA, recovered by 
charge per CSU.  

DfT UK Department for Transport  

DGM Dividend growth model is a valuation model that calculates 
the fair value of stock, assuming that the dividends grow 
either at a stable rate in perpetuity or at a different rate during 
the period at hand.  

DP En Route Deploying SESAR technology programme (iTEC trajectory 
management 7 FourSight).  
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En Route is a deployment point milestone in the Deploying 
SESAR technology programme.  

DSESAR Deploying Single European Sky ATM Research (DSESAR) is 
a collaborative project to overhaul European airspace and its 
Air Traffic Management (ATM). The programme is managed 
by the SESAR Joint Undertaking as a public–private 
partnership (PPP). DSESAR is also a NERL programme that 
will deliver major technology changes within the UK in line 
with the overall EU programme. 

DUC Determined Unit Cost – ratio between the determined costs 
and forecast traffic for a whole calendar year in a charging 
zone, established for each year of a reference period. The 
year-on-year percentage change between DUC is the cost 
efficiency target under the European performance scheme. 

EASA European Aviation Safety Agency, which is responsible for 
safety regulation at a European level 

EBITDA  Earnings before interest, tax, depreciation and amortisation.  
 

EC The European Commission is the executive body of the 
European Union responsible for proposing legislation, 
implementing decisions, upholding the EU treaties and 
managing the day-to-day business of the EU.  

Europe Economics European Economic Research Limited, a consultancy  

Economic Insight Economic Insight is an economics consultancy firm that are 
providing advice to NERL.  

ENAV Ente Nazionale di Assistenza al Volo. Italian en route and 
terminal ANSP. 

En route The en route phase is that part of the flight from the end of the 
take-off and initial climb phase to the commencement of the 
approach and landing phase. 

Eurocontrol An international treaty organisation that carries out a number 
of flight plan co-ordination and billing activities on behalf of its 
member ANSPs, which are EU based or closely associated 
with the EU states.  Provides network management, route 
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charging, ANS performance advice, ATM policy advice more 
broadly and fulfils a civil-military coordination function. 

ExCDS Extended Computer Display System - This advanced 
electronic coordination system offers controllers automated 
flight data management using touch-sensitive display 
screens.   

Exemption Day Where C3 weighted delays and C4 Daily scores for the 
relevant day shall not be counted for the purposes of 
calculating service delivery levels. 

FIR Flight Information Region is an airspace of defined 
dimensions within which flight information services and 
alerting services are provided. There are three FIRs in UK 
airspace – London (covers England and Wales), Scottish 
(covers Scotland and Northern Ireland) and Shanwick 
Oceanic (covers area of the North East Atlantic).  

FMARS  Future Military Area Radar Service (non-regulated) is the 
contractual and operational relationship between NERL and 
the MoD under which MoD shares parts of NERL’s ATM 
infrastructure resulting in a joint and integrated approach to 
military and civil airspace use in the UK.   

FourSight FourSight is the name of the set of tools which are designed 
to act and behave as iFacts does today in Swanwick AC. 

 
Fraport Frankfurt AG Frankfurt Airport Services Worldwide. German 

transport company which operates Frankfurt Airport and holds 
interests in the operation of several other airports around the 
world. 

FTE  Full time equivalent  

GAD Government Actuary’s Department - hired by the CAA as 
external consultancy support to review NERL’s pension 
arrangements as part of its preparations for RP2 and RP3. 

GDP  Gross Domestic Product  

HAL Heathrow Airport Ltd (formerly BAA). Owns and runs London 
Heathrow Airport. 
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IAG International Airlines Group, that owns BA  

IATA International Air Transport Association 

IBP  Initial Business Plan. This is NERL’s initial Business Plan 
submitted to the CAA.  

ICAO International Civil Aviation Organisation. Principal 
international body with respect to regulation of world aviation. 
UN specialised agency, created in 1944 on the signing of the 
Convention on International Civil Aviation (Chicago 
Convention).  

iFACTS Interim Future Area Control Tools Support. A Trajectory 
Prediction (TP) and Medium Term Conflict Detection (MTCD) 
system that identifies and displays predicted conflict 
information to controllers to support decision making. 

KEA The horizontal en route flight efficiency of the actual aircraft 
trajectory flown. This is the EU framework’s environmental 
KPI for RP3. 

KPI  A Key Performance Indicator is a measurable value that 
demonstrates how effectively a company is achieving key 
business objectives. 

Legacy Systems A legacy system is an old method, technology, computer 
system, or application program, "of, relating to, or being a 
previous or outdated computer system," yet still in use. Often 
referencing a system as "legacy" means that it paved the way 
for the standards that would follow it. This can also imply that 
the system is out of date or in need of replacement. 

London Approach Radar approach services for the six airports inside the 
London TMA in order to maximise the capacity and efficiency 
of the Terminal Manoeuvring Area as well as the interfaces 
with the London airports and the wider en route network. 

MET The MET Office - (officially the Meteorological Office until 
2000) this is the United Kingdom's national weather service.  
MET is also the generic term used for MET Data which is data 
relating to weather.  

NATS National Air Traffic Services - NATS Holdings Limited 
(formerly National Air Traffic Services) and commonly referred 
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to as NATS is the holding company of the group of companies 
that provide air navigation service in the United Kingdom. 

Naviair Danish ANSP, providing en route services over Denmark, 
Greenland and the North Atlantic. 

NERA NERA Economic Consulting – advisors to NERL for the 
CAA’s RP3 process 

NERL NATS (En Route) Plc - NERL (formerly NATS En Route 
Limited) is the sole provider of air traffic control services for 
aircraft flying ‘en route’ in UK airspace and the eastern part of 
the North Atlantic. It is economically regulated by the Civil 
Aviation Authority (CAA) within the regulatory framework of 
the European Commission’s (EC) Single European Sky (SES) 
and operates under licence from the Secretary of State for 
Transport. 

NSL NATS (Services) Ltd - NSL is a subsidiary of NATS Holdings 
Limited and provides air traffic control (ATC) and aviation 
related services.  Its core business is UK Airports. NSL 
provides ATC to 13 of the UK’s major airports under 
competitive contract.  In addition, it provides engineering 
support and airport optimisation services to UK airport 
operators. 

Oceanic Price 
Control  

The CAA regulates NERL’s Oceanic service – that covers air 
traffic services NERL provides to aircraft in the Shanwick area 
of Oceanic airspace over the North Atlantic – by a price 
control that is implemented through the NERL Licence. 

OFF Opex Flexibility Fund – a fund of £42m over RP3, established 
to support NERL’s costs that were unknown at the time of 
setting the performance plan and in relation to NERL’s 
delivery of airspace modernisation. The OFF is part of 
NERL’s cost base in the NPP. 

Ofgem  Office of Gas and Electricity Markets  

Ofwat  Water Services Regulation Authority  

opex Operational Expenditure. Operating expenses are the costs a 
company incurs for running their day-to-day operations.  
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PPP Public Private Partnership. For the ownership structure of 
NATS, see ‘NATS’ above.  

Pension pass-
through 

The Regulatory mechanism that allows for the costs of the DB 
pension scheme to be passed onto customers through 
NERL’s prices.  

PRB Performance Review Body, the European Commission’s 
advisor on performance and charging issues related to Single 
European Sky 

PwC Price Waterhouse Cooper. PwC is a global network of 
firms specialising in assurance, tax, and consulting 
services. They are advisors to NERL. 

R&D 
Research & Development. 

RAB 
Regulatory Asset Base  

RBP  
The NERL Revised Business Plan. 

RFR  
The risk-free rate is the theoretical rate of return on an 
investment with zero risk. It is the benchmark to measure 
other investments that include an element of risk. 
Government bond yields are the most commonly used risk-
free rates for assets. 

RP1, RP2  
Reference Periods 1 and  2. The first reference period (RP1) 
ran for three years from 2012 to 2014. The second reference 
period (RP2) ran from 2015-2019. 

RP3 
RP is Reference Period under SES regulation. The third Price 
Control, for period 2020 to 2024.  

RP4  
Reference Period 4 effective from 2025 to the end of 2029. 

RPI  
retail prices index  

RPS  
Regulatory Policy Statement. This is a policy statement by the 
CAA in relation to aspects of economic regulation of NERL 

Sector 
To manage the airspace in a FIR, the ANSP will divide it into 
‘Sectors’.  
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SES 
Single European Sky - is an initiative launched by the 
European Commission in 2004 to reform the architecture of 
European air traffic management. It uses a legislative 
approach to drive ambition and initiatives to meet future 
capacity and safety needs at a European rather than a local 
level. 

SES Regulation 
Single European Sky Regulation. The SES regulations 
imposed performance targets on EU air traffic control 
operators, and provided the context against which the CAA 
set its price control for NERL. 

SESAR  
SESAR (Single European Sky ATM Research) is the 
technological pillar of the Single European Sky.  

Shanwick OACC 
Shanwick Oceanic Area Control Centre is the air traffic control 
(ATC) name given to the area of international airspace which 
lies above the northeast part of the Atlantic Ocean. 

SIP 
NERL’s Service and Investment Plan.  NERL is required by 
Condition 10 of its licence to submit to the CAA each year a 
Service and Investment Plan (SIP).  

STATFOR 
Statistics and Forecasts Service: a team within Eurocontrol 
that provides statistics and forecasting services.  Its objective 
is to monitor and analyse the evolution of the Air Transport 
Industry in Europe. 

Steer/Helios 
Producers of a Cost Efficiency report for the CAA 
(consultants) for the RP3 process 

TA 2000  
Transport Act 2000  

TC 
Terminal Control. Part of the Swanwick ACC that deals with 
the part of en route airspace that sits above all the London 
airports 

TLS  target level of safety  

TMR  Total market return  
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Transport Bill The government has introduced the Air Traffic 
Management and Unmanned Aircraft Bill to modernise 
airspace and tackle illegal use of unmanned aircraft. 

 

TSU Total Service Units  – all movements in NERL’s CAS. This 
total includes units generated by  military and exempt flights.  

UKRN  UK Regulators Network  

Vanilla WACC WACC, using pre-tax cost of debt and a post-tax cost of 
equity 

WACC Weighted average cost of capital 
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